Security constrained multi area multi objective dynamic economic dispatch (SCMAMODED) with renewable energy (RE) and all the possible MTDC stability constraints is formulated for the first time. The stability merits of multi terminal DC (MTDC) tie lines as compared to the traditional HVAC forms the main objective of this paper. Probabilistic load flow (PLF) is applied to determine the system parameters while the uncertainties are modelled using Scenario Based Method (SBM). The simulation results reveal that with the use of MTDC tie lines, the frequency and voltage stability in the MAMODED with renewable energy sources (RES) are enhanced while keeping the MTDC power exchange interface nodes at secure levels.
Introduction: MAED with Renewable Energy
Multi area stability is the continuance of intact operation of an interconnected system following a disturbance. Security evaluation demands stability analysis. This paper is concerned with stability studies in a multi area system with increased renewable energy (RE) penetration levels. Three recent works have considered multi area economic dispatch (MAED) with renewable energy (RE). In [1] , a multi area multi objective dynamic economic dispatch (MAMODED) for a retailer, a model taking into account hydrothermal, wind and a power reserve market is proposed. Scenario-based method (SBM) is adopted for uncertainty modeling while optimality condition decomposition (OCD) is the proposed solution tool. The proposed approach demonstrates the real-time scheduling of joint thermal systems with undispatchable wind energy in a three-area and five-area multi area system. In [2] , a penalty function-hybrid direct search method (PF-HDSM) is formulated to handle a multi-area problem with wind and thermal sources. In these two works however, security and stability aspects, and solar cost functions are ignored. In [3] , security and control areas of MAMODED with wind and solar REs were addressed. Co-operative optimization strategy with RE source (RES) curtailment, dispatch-redispatch strategies and RES storage operation are considered. However, the stability analysis was not done. Further, quadratic cost functions and HVAC tie lines are considered.
Paper organization: This paper is outlined as follows; Section II highlights the effects of HVDC tie lines on stability, Section III is the problem formulation, Section IV is the methodology, Section V contains results and analysis and finally Section VI is the conclusion.
Effects of HVDC Tie Lines on Stability
When two dynamic areas are interconnected by an HVAC tie line, it is necessary that there should be sufficiently close frequency control on each of the areas.
Such an interconnection is called synchronous interconnection or synchronous tie. Thus HVAC tie line provides a rigid connection between any two areas. Even with coordinated control of the AC areas, the operation of the HVAC tie line suffers from three technical problems [4] : 1) Since the interconnection is a synchronous tie, frequency disturbance in one area is transferred to the other area(s). 2) Power swing in one area affects the other area(s) in the interconnected system since large power swings may result in frequency tripping. Further, major faults in any of the areas network may lead to complete failure of the whole multi area system. 3) There is increased fault level if an existing AC area is interconnected with another AC area(s) by HVAC tie line. This is because the additional parallel lines reduce the equivalent reactance of the interconnected system.
The use of HVDC tie lines provides several security advantages to the interconnected power system. HVDC interconnections or HVDC tie lines provide a loose coupling between the two interconnected areas. This is called non-synchronous (asynchronous) tie line. This interconnection has four merits [4] A multi terminal DC (MTDC) has more than two converter stations and interconnecting DC transmission lines. The Radial MTDC technology of HVDC is the choice for asynchronous tie lines in this paper because of the following reasons [4] [5]: 1) It is more flexible and economical 2) Frequency oscillations in the areas can be damped quickly 3) There is inherent overload capability. Hence transient stability of the interconnected system is increased without an increase in installed capacity. Thus, the overall stability of the multi area system is improved. 4) Heavily loaded AC area networks can be reinforced by using MTDC systems Contributions: Five objective SCMAMODED with RE and MTDC tie lines has been considered for the first time. More accurate cubic cost functions have been used for the thermal and emissions functions. MTDC stability constraints have been formulated alongside security constraints.
Scmamoded Formulation
MAMODED with RE and MTDC tie line was formulated in [6] . In this paper, the stability aspects of the same problem are investigated. The security constrained MAMODED (SCMAMODED) is formulated as
where M is the total number of areas and W 1 is the weighting factor between the fuel cost and emissions. The fuel cost function is defined as
where T is the operation time, N, W and S are the total thermal, wind and solar units respectively and
are the corresponding fuel cost functions at time t and scenario s .
It is worth to note that
where
are the amounts of real and reactive load-shedding in scene s at time t, b and c are the constants of real and reactive load-shedding costs. Unlike the operating cost, the outage cost determined based on the risk in each scene. The transmission cost in MAMODED for power transfer between areas using MTDC tie lines can be expressed as [6] ( ) The emissions objective function, E, is formulated as
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where G is the total number of generators in the system
The SCMAMODED is solved subject to the following system, security and stability constraints 1) Power Balance Constraints (PBC)
• Real power balance (RPB)
, , ,
where [ ] P is the interconnected system load at time t.
• Reactive Power Balance(RPB)
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2) Generation Units Constraints (GUC) 
• Load shedding limits
• Multi Scene power constraints 
Proposed Methodology
In this section, we consider the probalistic load flow(PLF) for the MAMODED with RES, uncertainty and variability modelling of the RE sources using Scenario-based method (SBM) and a summary of the solution process of the SCMAMODED.
Probabilistic Load Flow (PLF)
Load flow methods are classified into two; Deterministic and Probabilistic methods. In this paper, probabilistic load flow (PLF) is applied since it is capable of handling the uncertain (intermittent) RE. PLF requires inputs with probability Journal of Power and Energy Engineering density function (PDF) or cumulative density function (CDF) which are the distribution functions for wind speed and solar radiation intensity respectively [7] [8] [9]. The PLF involves buses such as PQ (negative load), PV (voltage controlled), PX and RX. Numerical and Analytical methods are applied in solving the PLF.
AC PLF Model for RES
The PLF model is given by ( )
The following steps are involved [9]:
Step 1: Read the interconnected system, wind, and Solar PV data
Step 2: Run the deterministic load flow (DLF) using newton rap son (NR)
method. This will help in obtaining expected values of nodal voltages, line flows, 0 S and 0 T .
Step 3: Determine the cumulative values of thermal and RES generation and loading according to their respective PDFs where applicable.
Step 4: By computation, determine the cumulative of the generated active power, absorbed reactive power, power injections and the state variables (∆x and ∆z).
Step 5: Obtain the PDF and CDF of the respective ∆x and ∆z.
Scenario-Based Method (SBM)
For a multivariate general function, 
where s π is the probability of state s.
In an interconnected system, uncertainties and variability in RES power generation, reserve market prices and the load profile of the system, results into a probabilistic MAMODED which is formulated in this paper. The total cost of energy procurement is given by 
The Solution Process
Step 1: Get the prediction data for the RE power, load and other known conditions using PLF
Step 2: Set the range of the RE power fluctuation and the risk constant(s) of the load shedding
Step 3: Build the SCMAMODED model
Step 4: Invoke the power system stability checks (MTDC constraints etc.)
Step 5: Solve the problem using Modified PSO (MPSO)
Results and Analysis
There are six thermal sources in each area with cubic cost coefficients and emission coefficients (for SO 2 , NO X and CO 2 ). The necessary wind and solar power parameters, the renewable power that is available at different scenarios of the study are as in [6] . The area generation capacity for wind and solar 300 MW and 250 MW respectively. The test case consists of five interconnected areas. The one line diagram of the 5-area MAMODED is as shown in [1] except that the power sources in each area are as shown in Table 1 . The area m 1 is a central area with a thermal source and a RE reserve, it is connected to the other four areas through tie lines. The MTDC tie-lines' flow limits are as shown in Table 2 . there is no need of additional information exchange system, complex system control centers or sensitive network data sharing topology [11] .
HVDC and HVAC interconnections have their own separate advantages and all the merits of both interconnections are combined in MTDC tie lines and preserved. The multi area system operate in an asynchronous manner and The only scenario when power exchange in between any two areas is fully cut off in HVAC interconnection is that when the areas are simultaneously in extremely severe contingency state so that none of the two areas is able to help each other either by import or export of power. However in this case, the presence of RES and the flexible HVDC (Radial MTDC) will help alleviate this situation to a great extent.
Power Transfer at the Interface
In this paper, two scenarios of power transfer at the MTDC interface have been considered. During the healthy functioning of the MTDC interconnection, the power flows are monitored and controlled from a centralized point. In the event that one MTDC is tripped, the stressed multi area multi objective system responds to compensate for the power loss by increasing in a flexible manner the power flow in the remaining healthy MTDCs so as to maintain the preset power levels unaltered .The scenario 1 has been simulated and results are presented in 
Conclusion
In this paper SCMAMODED with all the possible security and stability constraints has been formulated with RES put into consideration. The uncertainties have been modelled using scenario based method (SBM) and a probalistic load flow (PLF) used in parameter determination. From the simulated results, it is clear that MTDC interconnection is preferred to HVAC due to their stability merits even in presence of RES. Further with control strategies the merits of both HVDC and HVAC interconnections can be realized using MTDC tie lines. This paper is concerned only about multi area stability (continuance of intact operation following a disturbance); the security aspects of the interconnected system (degree of risk in the ability to survive imminent disturbance or contingencies) are proposed as an area of further research. Further, environmental emission levels need to be included in the security-stability analysis.
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